Acetonitrile (HPLC grade) was purchased from Labscan Asia (Bangkok, Thailand). Water was purified by a Milli-Q Millipore system (Sithiporn Assoicate, Bangkok, Thailand) and a subsequent treatment by filtration through a 0.45 µm membrane filter and degassing.
Method Standard preparation.
Stock standard solutions of citric acid, tartaric acid, malic acid, glycolic acid, and lactic acid were prepared in water at a concentration of 1000 µg ml -1 . A mixture solution of 5 AHAs was prepared in water at each concentration of 100 µg ml -1 . Stock solutions of citric acid and malic acid were diluted to prepare a calibration line in the range of 100 -500 µg ml -1 . Tartaric acid at a concentration of 200 µg ml -1 and glycolic acid at a concentration of 50 µg ml -1 were used as internal standards and were added to citric acid and malic acid standard solutions, respectively. Sample preparation.
One fruit each of orange, lime, leech lime and 150 g of grape were squeezed. Then, each juice was diluted with water in a ratio of 1:10, 1:20, 1:20 and 1:40, respectively. The sample solutions were filtered through a 0.45 µm cellulose membrane. The diluted orange and grape juices were divided into 5 aliquots. One of these had no added active ingredient, whereas the other four aliquots were spiked with various appropriate concentrations of the active ingredient to allow recovery of the analyte from the matrix to be determined. The AHA which was not found in the sample solution was used as an internal standard. Therefore, tartaric acid and glycolic acid at concentrations of 200 and 50 µg ml -1 , used as an internal standard, were added to each aliquot of orange juice and grape juice, respectively.
Buffer and conditioning.
The buffers were prepared from 180 mM disodium hydrogen phosphate, 1 mM CTAB and 15% (v/v) methanol. The buffers were then adjusted with phosphoric acid to pH 7.2. Finally, buffer solutions were filtered through a 0.45 µm membrane filter and degassed before use.
Prior to analysis, each fused-silica capillary was purged for 5 min with 0.1 N NaOH, water and buffer, respectively. After the end of the analysis each day, the each fused-silica capillary was purged for 5 min with 0.1 N NaOH and water.
Results and Discussion

Electrophoretic optimization
In developing the system, preliminary work on the electrophoretic behavior of the five AHAs using a purely phosphate buffer and a phosphate buffer with various concentrations (10 -50 mM) of a short-chain cationic surfactant, tetraethylammonuim bromide (TEAB), only one peak at a long migration time could be obtained. Finally, it was found that the inclusion of a low concentration of a long-chain cationic surfactant, cetyltrimethylammonium bromide (CTAB), in the phosphate buffer could separate the analyte peaks and reduce the migration times. It has been reported that at a lower critical micelle concentration (CMC = 1.3 mM), CTAB monomers adhere to inside of the capillary wall, which causes a reversing of the EOF 10 ; therefore, the anionic analytes flow in the same direction as the electroosmotic flow and thus reducing the migration times. In addition, it was found to be necessary to optimized the methanol concentration added to the buffer and phosphate buffer concentration in order to obtain complete separation. By increasing the viscosity of the buffer by adding methanol and increasing the concentration of the phosphate buffer it was possible to reduce the mobility of the analytes.
Thus, the analytes spend more times in the capillary resulted in the adequate resolution.
At a pH lower than 6.0, the analytes present different ionization degrees and AHAs have one to three ionization constants with pKa values of 3.79 for lactic acid, 3.83 for glycolic acid, 2.98 -4.24 for tartaric acid, 3.4 -5.11 for malic acid and 3.1 -4.28 -6.4 for citric acid. 11 The effective mobility for some of them at pH lower than 6.0 are similar, which results in poor resolution. When the pH is increased to 7.2, all of analytes are in higher ionization degrees, and the elution order corresponds with their charge-to-mass ratio, except for citric acid. This might possibly be due to steric factors related to polar interactions that give it a more expanded configuration in citric acid; also, elution is performed based on the charge-tosize ratio. Figure 1 shows an electropherogram for the separation of a five AHAs standard solution at the optimum conditions: an electrolyte buffer containing 180 mM phosphate, 1 mM CTAB and 15% (v/v) methanol adjusted pH to 7.2 by phosphoric acid; the voltage applied is at -15 kV; the pressure injection is at 15 psi*sec and the wavelength is at 200 nm. Figures 2, 3, 4 and 5 show electropherograms of diluted lime, leech lime, orange and grape juice, respectively. As can be seen, only citric acid is found in lime and leech lime, whereas malic acid and citric acid are found in orange and malic acid; tartaric acid and citric acid are found in grape. From Figs. 1, 4 and 5, it can be observed that the electropherograms have an unknown peak at the front of malic acid. It might be the impurity associated with malic acid, since it was also found in the electropherogram of the malic acid standard (Fig. 6) .
Validation
Validation was performed with two AHAs (citric acid and malic acid), as shown in Table 2 . To maximize the precision 12 and accuracy, 13 normalized peak areas were determined by dividing the peak area with respect to the migration time (called corrected peak area); the ratio of the corrected peak area of the analyte to that of the internal standard was then used for quantitative purposes. Linear calibration lines for citric acid and malic acid were established by preparing five standard solutions of each compound in the range of 100 -500 µg ml malic acid. Each concentration was injected in duplicate. The concentration range used in the calibration lines was at a high concentration range because the preliminary investigation found that the estimated concentration of AHAs in these fruit samples were quite high, even for a sample that had already been diluted. As can be seen from Table 2 , good linearity is shown by the high value of the correlation coefficient; also, the intercept is not significantly different from zero.
For accuracy, aliquots of the diluted orange juice and grape juice were spiked with increasing known amounts of the appropriate citric acid and malic acid, respectively. An internal standard was also added as was done for the calibration line. From Table 2 , the recoveries are 98.64% and 100.94% for citric acid and for malic acid, respectively. In addition, the slopes obtained from the standard additions are not significantly different from those of the linear calibration lines. This indicates that there were no matrix effects from other components in fruit juice.
The within-day and day-to-day precision was determined by injecting replicates of standard solutions of each analyte at concentrations corresponding to the mid-value of the calibration range. The relative standard deviations of the normalized peak areas of citric acid are 1.50% (n = 5 times) and 3.26% (n = 3 days) and those of malic acid are 2.29% (n = 5 times) and 3.07% (n = 5 days) for within-day and day-to-day precision.
The limits of quantification of citric acid and malic acid are 2.5 and 5 µg ml -1 , respectively, which were established by successively injecting decreasing concentrations of each analyte until a signal-to-noise ratio of 10 was reached.
Duplicate quantifications of citric acid in one orange fruit is 3.03 mg ml -1 of concentrated juice; for malic acid in grape 150 g is 6.04 mg ml -1 of concentrated juice.
It can be concluded that the developed method is rapid, simple and valid for the determination of AHAs in natural fruits. Table 2 Validation parameters of citric acid and malic acid
